To characterize the molecular function of the PcG complexes, it is necessary to purify these complexes. We describe the purification of a complex from Drosophila that contains several PcG proteins. This complex directly antagonizes ATP-dependent remodeling of nucleosomal arrays in a purified system and has characteristics that suggest that it and SWI/SNF family complexes can ated fly lines that contained epitope-tagged copies of polyhomeotic or Posterior sex combs. There are two ph genes in Drosophila termed proximal ph (ph-p) and distal Lines that expressed tagged PH or tagged PSC from ph (ph-d) that lie immediately adjacent to each other the X chromosome were chosen for further characteriza-(Hodgson et al., 1997). We constructed P elements that tion. Antibodies were raised against a region of proximal used the Pc promoter to drive expression of N-terminal PH (PH-p; amino acids 753-972) that is highly conserved Flag-tagged PH-p (FPH; Figure 1A ) or PSC (FPSC), and in distal PH (Hodgson et al., 1997) . The affinity-purified we used these P elements to create lines that were antibodies recognized two proteins in nuclear extract homozygous for the tagged transgenes.
(190 and 170 kDa; Figure 1B, Figure 2B and data not shown). These ation described above. To address whether these proteins might be part of similar/identical complexes, we data demonstrate that Biorex 70 chromatography differentially separates PcG proteins, indicating that there are used the scheme described above to purify a PSC-containing complex from extracts from a transgenic line multiple complexes that contain PcG proteins.
We chose to further purify the PH-containing comthat expressed FPSC. The complex purified via tagged PSC had a composition that was similar to that of the plexes from the 0.85 M salt wash, as this fraction contained most of the PH protein. This fraction was bound complex purified via tagged PH ( Figure 2D ; note that the intensities of all proteins are somewhat higher in the to an M2 affinity column ( Based on Western analysis, the complexes that we have isolated over the M2 column are 3000-to 4000-fold shown). An analogous "mock" purification was performed from the parental y w line, following exactly the purified over nuclear extract, and they are approximately of Topoisomerase I causes a significant decrease in the number of supercoils (lane 2), indicating an ATPdependent change in the topology of the plasmid. We first tested whether PRC1 (M2 fraction, purified via FPH) was able to suppress this remodeling activity. To circumvent any requirement for targeting of PRC1 via PREs, which almost certainly requires other complexes in addition to PRC1, we used a single plasmid template in this reaction so that PRC1 was targeted by mass action. This approach has been successful with other chromatin modifying complexes (reviewed in Workman and Kingston, 1998). Preincubation of the template with PRC1 blocked the ability of the template to be remodeled ( Figure 4A , lanes 3 and 4), while preincubation with the mock-purified fraction from y w lines had little effect (lanes 5 and 6; the PRC1 and y w fractions used here were those shown in Figure 2D , FPh and y w lanes). The inhibitory activity of PRC1 on hSWI/SNF- Figure 2D coeluted (data to molar ratios as SWI/SNF is ‫2ف‬ MDa in size.) not shown).
As the remodeling of arrays by SWI/SNF under these conditions is not complete until ‫54-02ف‬ min after the Inhibition of Remodeling start of the reaction (data not shown), we were intrigued Little is known about the mechanism through which PcG by the observation that addition of SWI/SNF and PRC1 proteins maintain a repressed state of transcription. One at the same time resulted in no repression by PRC1. hypothesis is that PcG proteins form a complex that This indicated that a template that was complexed with creates a stably repressed chromatin structure. Genetic SWI/SNF was impervious to subsequent repression by analyses of brahma and moira suggest that PcG genes PRC1; thus, SWI/SNF and PRC1 might compete with and these trxG genes function at the same mechanistic each other for the template. between SWI/SNF and PRC1 for template. We added One hallmark of the SWI/SNF complexes is the ability SWI/SNF and PRC1 to the template at the same time to alter DNA topology in an ATP-dependent manner and then waited for varying amounts of time before (Guyon et al., 1999) . Assembly of a plasmid template adding ATP to the reaction ( Figure 5A ). There was no into nucleosomes introduces one negative supercoil per repression seen when PRC1 and SWI/SNF were preincunucleosome, which is visualized when the DNA is deprobated for up to 30 min with template in the absence of teinized and electrophoresed. When a 3.2 kb plasmid is added ATP (lanes 4-7) . Thus, PRC1 was only able to assembled into nucleosomes, the resultant introduction inhibit remodeling if present prior to SWI/SNF, and addiof ‫61ف‬ negative supercoils causes the DNA to run raption of SWI/SNF blocked the ability of PRC1 to form this idly on a native agarose gel (e.g., Figure 4A, lane 1) .
repressed state even when SWI/SNF was inactive due to the absence of ATP. Addition of a human SWI/SNF and ATP in the presence 
We conclude that PRC1 does not directly inactivate
Histone Tails Are Not Required for Repression Histone tails have been implicated in the formation of the SWI/SNF complex, because mixing these two complexes together for extended times did not inactivate repressive complexes with the SIR proteins and have been postulated to provide a molecular "handle" for SWI/SNF ( Figure 5A ). In addition, there was no detectable modification of the SWI/SNF complex by PRC1 such complexes (reviewed in Grunstein, 1998 ) . EDTA, 25% glycerol, 0.5 mM DTT, 0.5 mM PMSF, 1 g/ml of aprotinin and leupeptin, and 50 g/ml of TLCK, at 1.8 ml/g nuclei) for 30 min with rotation, before being subjected to centrifugation at 42,000 rpm
